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(54) Fe-B-R PERMANENT MAGNET HAVING CORROSION-RESISTANT COATING FILM AND ITS 
MANUFACTURE 

( 5 7 ) Ab s t ra ct : 

PROBLEM TO BE SOLVED: To improve the corrosion resistance of an Fe-B-R permanent magnet 
under a fixed condition and the thermal shock resistance of the magnet against temperature 
fluctuation by closely adhering a metallic coating film formed on the surface of the magnet to the 
surface by forming a metal oxide coating film on the metallic coating film. 

SOLUTION: An Fe-B-R permanent magnet carries a metal oxide coating film having a thickness of 
0.01 -1 jim on a metallic coating film formed on the surface of the magnet. The metallic coating film is 
composed of at least one metallic component selected from among Al, Sn, Zn, Cu, Fe, Ni, Co, and Ti. 
It is preferable to use the vapor growth method at the time of forming the metallic coating film. It is 
preferable, in addition, to use the sol-gel film forming method in which the metal oxide coating film is 
formed by' applying a sol solution obtained through the hydrolysis reaction and polymerization 
reaction of a metallic compound which becomes the raw material of the coating film and heat- 
treating the solution at the time of forming the metal oxide coating film. The metal oxide component 
includes an Al, Si, Zr, or Ti oxide. 
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[0 0 3 9] ftfe, *l§B^©^MS?fb^^m®±fc, Jg 

^Lfe y, S ^^S«(4$:#^Lfc y fc*«7f§ 
S. 
[0 04 0] 

immm xmmmi 1101 2 smmz 

Z.£.lZ£^xm£>tltcl 7Nd-lPr-75Fe-7 
B^MCD 2 3 mmX 1 0 mmX 6 mm-rH£<2j$gji§8£5 



(7) 

11 

Lfeo fcfc, *Wm* F e - B - R&m&&G^<Dim 
fC|5g£;Tl.g>&©T*ti&<, F e - B - R&tfy K$££{C 

[004 1] gttffl l : ffiGM$MMzMU 

1 X 1 0 -4 p aJBlTJCjefiSMlCU A r #*B£ 1 10 
0 P a. 0 0 V(D^#T, 3 5#|SJ. 

^/'Cy4ru>yftfjv\ «63HS«:i||j£Ufe. Ar^ 
EEO. 2 Pa, AW7:*JaE-5 0V, G£5&g2 5 0 
■C©3#T, hi: t/t&JBA 1 fcfflw 10^ 

0. 5^imt'&ofe„ * 1 \Ztt?$ A 1 -fb£- 

— r-T ^fc&CT, aSK^+ei^tfaSTCAlftBt 20 

Aiawbttftiit«:?g«Lfc. #e>*ifefttt (ai 2 o x 

&M: 0<xg3) ©B^ttO. 3/«mT*ofe. £|£ 
f®Cili3 5 0 p pmt^ofc. ftROffltttMR 

m&^lt, a i mimm&zmir&i&G^ mmao 

•C X*g#f-&g 9 0 %<Dmffiffi®3sflrT\ZX 3 0 0 BffiCtt 

r, m<bnt~mGi*~ mumw^Tiz-smxtmLx 30 

[0 0 4 2] : &IM91 i:nMfefrT?*JE*tt 

Lfctfe. A r #*£E 1 P a, «BE 1 . 5 k V 
©3MTF, =1— r-W >mW£ L-TA 1 >?-f^-&ffl 
v\ AlCM^-fciP&LTiP^S-lt, -f*>ftU 1 
4MB. *>yi/— >^S9CT, flBBaSBCAlft 

itifiAu SGfrufc. »e>nfeAi,saR0BWtto. 

9/*mT'^fc. ^ 1 fCStf A 1 fb£% flk 40 

IK. SKS^im t«^fc«fe^©#^CT, «2{c 

aVrfflJ*. *5§M3«fctfpH*Cg«8U TrJ*j7n-7-4 

wmzx, m3 izjj<*B\g±mmx'A 1 

SflBSlc^frU i^tys^f oTA 1,RK©±£A 1 K 

\mmm^ix,tz. 0 n^t^imm&m (ai 2 

O x< ftBt: 0<xS3) ©IWltJtO. UmT?»ofc. 
&BI>f ©C:»± 1 2 0 p pmT'&ofcc ^©«igttSP 

LT, AiaWbWAffltSrW-rsaESJC^UT, £1*091 50 



^2 00 0-23 20 1 1 
12 

tt&+£HcpJ£LT^33i;#;b^ofc„ M©H 

g&i: lt, satTf u v- vmmm orb** • 

*ife^*«tt«H®?&AK:«aiL, 2 4 BH8ffl*H*fHC7 

5©^»lg^SS:tB!l^Ufciir5, 3 4 1k gl/ 
c m 2 £ v ^ o ^tlfefit^ L fe„ 

[0043] $mmz : i tra-*frTapB#« 

SHiSlilLfJ, 2. SBffiS. 7-^-f*>^"U— r 
fee #£>*lfcA 1 ^©Mff{± 5 m mffcofc. vOU* 

^nc^-TAHc^ &m Scjefldw. 
3\g±ir7mx*Ai&mzm-tz>ffi6\zmfiu mssm 

Sr^oT A 1 &M<D±KA 1 SMbftfflS&^Lfc. # 
&*lfcABt (Al 2 O x M: 0<x^3) ©J^» 
0. 3 MmT'&ofe. ^*©C4«3 5 0 ppraf* 

tife, ^5^®tc, AiaoK&^uT. a i mim&m 
zm-tzms*. as 8 or x=ffl*fm*9 o%©i«mis 

^#Ttcr l 0 0 OBSRgfflcBU HA1£M»mS:4T 

ofc„ $ma^<m§ffi&&bmztm&<Dft^iffl 
mz&sizB-t. tsmnisx* m*>nr=.ffiG\z. mum 
M&frTiz&mimisX*,, m#m, wm£*jiz& 

[0044] H^M4 : Hg^lj 2 7 

mtthfc. m<bti&Aigim(Dmm\z7 (imx& 

*UBS1 2 0 ^m, ^E-^^S6©^^X^->0|!& 
n*j»ffil. 5kg/cm2(;t5m AIM 

VMe&, miizm-tAiit&fa. mm, &&m. m 
wtm&&&iko)&ffi*} l zx, m2iz^?m& 
^tfvH-vtmu ; T4v?^-'rjy>fm,zx. m3 
izak?5\&±\fimxA ismzG'?2>ffiGizmtfiL. 
mmtzn^xAiim&±izAimbty]&mzMj&L 

fco #e>nfcfttt (Al 2 0 Xj gm: 0<xS3) (Dm 
mtO. 1 /dDt^ofe. ^M*©Catil 2 0 p pm 

#e>ttfe, m&mwiz. aisrs^-lt, Ai^bft 



(8) 



13 



1tAMm?£&Sm*:Wfelsr~£Z.5. 3 3 6kgl/cm 
[004 5] 5 : mm)2 tM-^X 1 0£ 

ss&im. mm®m&Mm&m#izx. ^zkb-t 
ttzimu mwmzfi-ox a ifomz>±izAimty>)* io 



mi2 0 0 0-23 20 1 1 
14 

#<D*l££ig| (Al 2 O x M: 0< 
x^3) ommitl (tmffeofe. ^*©C4«5 0 

^S^ffi^C, Al^fc^LT, A 

IZffifc LX V ^ 3 ttffrfr-o fe„ 
[0 04 6] 
[|S1] 









gSlbffl 1 












x?y-,b 








7*hiH»X*jU 


x*y— jh-ipa 










x*y— ju 














x*y— jh-ipa 


■f 


* 


8L 




ttB 




2->h**>x$r/— ;u 



iPA:-fy^pe;i.7;i-=— ;i» 



[0 04 7] 



* * [^2] 





AHb^fcOE** 




(cP) 


PH 


e(wt*Al a 0 4 »») 










1 8 


0.001 


u 


5 


3.6 


3.1 




5 


0.01(«BI)2(»») 


1 


1 


2.3 


3.9 


8 


0.001 


u 


5 


3.6 


3.1 




5 


O.OKWItttfRBft) 


1 




2.3 


3.9 


1 


0.005 


0 


0C*1> 


2.0 


2.4 



[0 04 8] 



★ ★ [^3] 



[0 04 9] 



[0 0 5 0] 





?i*jtifas 

(orn/ mln) 


hm 


mm 




5 


200tx20min 




mmm 


5 


350%x20min 




*MMa 


5 


200% X 20min 






5 


350% x 20m!n 






5 


200%x10min 




# A [554] 











BKkQ) 


iHoCkOe) I (BH)max(MGOe) 


BKkG) 


iHofkOo) I (BH)max(MGOe) 


mm 


11.3 


18.6 \ 30.4 


11.2 


16.4 


29.7 






11.3 


16.6 ! 30.5 


11.3 


16.5 


29.9 




*t»«i 


11.3 


16.7 | 30.5 


10.4 


15.6 


27.3 




Jttt«2 


11.4 


18.6 | 30.6 


10.0 


15.2 


28.5 




♦ ♦ [365] 






mm 




Ml* 




BKkG) 


iHo(kOe) 


(BH)max(MGOo) 


BKkG) 


iHoCkOe) 


(BH)max(MGOe) 




11.4 


16.7 


30.6 


11.1 


16.3 


29.6 




£Httt4 


11.3 


18.6 


30.5 


11.3 


16.5 


29.9 






11.4 


16.6 


30.6 


11.4 


16.5 


30.0 




*MW*3 


11.4 


16.7 


30.8 


10.3 


15.3 


275 


Bgjjfl 


tfc**«4 


11.4 


16.8 


30.5 


10.8 


16.0 


285 





[0 0 5 1] JtigeMl : ^#I*|&Jt£J§m 
m&4. 6g/l, 'J>fiftftl7. 8g/1^5i 
S 7 0 °C ©*BIttK:«« U *&5«t® 1/tmO'J 



50 



[0052] tmmz •. mmmimzMLx. mm 



15 

[0 0 5 3] : mmM4 T*£/a y h¥~=.y? 

[0 0 5 4] m&}4 :HI^M4T'^3^ htf-->^ 
ffe. 7fc$tfW-h'J?A3 0 0g/l, BWfcE*84 0g/ 

l, W^ttig/i, n»tA48 0g/l, 
2 3T2<DfflmiZimU Al£jg|iSi®£Znlca&L 
fco $e>{c, 6Wz-v-!r;i/2 4 0g/i, mt=-v>rji 
4 8g/i, 0SS&-y>r;i/Si£ (pHHfiD > «e>^?3 
0 g/l^e>«:Sj!gia5 5X3, pH4. 2©«)ogl?: 

mw mmsmi. 8A/dm2©^cT«^o^ 
o. 9 /tmfflNiM^Lfe. #e>nfe«Bte»c»L 

T, §£8&0!I3 iira-^f4^)iSS^ffilBiil^ fee * 

[0055] mime -mm 8 mmix-m^n 
fc, m&mmzo. 5Mm©AiM?:tts«si:*f 
u meizmt^mit^k mm. ss&m mmm 

8izjx?Bm±i'mmvmftu fmrnzn^x Aim 
mnij.z&mmmsmzm&Lt^ m^r~mm cm 

O x M:M»Si, Zr\ Ti^t. 0<xS2) * 



(9) #|H32 0 0 0-23 2 0 1 1 

16 

*<D$m, j&m<p<Dcm. BtXtoM&iz^x&vKm 
to ±m>-m&mt>frt~ me&mz. Avmzft 
lt, ^mmm&m^m-r^maizMvx. mmmi 

[0 0 5 6] H»J9 -mmmi l : »«2T?»e>4x 
fc, J&BSffiKO. 9/«m®AlMSIt5l6l^ 

8{c^-r§i§_ht^gT'^pu mmwf^x Aim 

m0±\z&MW\MBQL%&mis1z. »e>*ife&K (M 
O x ^K:M{*Si, Zr, T i fc^f. 0<xS2) 

©s^ ,ftiiw»cDcjfc jmommz^^xmsizm 

20 ^4&+^(c}i^LT^S^ii^fc^ofe„ g!J© 



3&«M£Lfc£:r5, 2 73kgt/cm2fcv^I 

[0 0 5 7] 
[166] 



1 #JS1tft«| 


ttftft 


KSfcfM 








mm 




x?y-/i, 






m 




x*y-;u 






mm 


*L 


x*y— ;u 


-xhvXMrVi'^V 


ma 


#L 


x^y— ;1/+ipa 




rat 




x*y—;u+iPA 








x*y— ;i,+ipa 



IPA:-fVr7dfc?^7Vl<3— ;l/ 



[0 0 5 8] 



* * [*7] 





ftJB4t*«B0> 




ft BE 

(cPJ 


PH 










lOOtl) 


0.001 


0 


1 


1.B 


3.2 




30*2) 


0.001 


1 


5 


1.B 


3.4 


9UMI8 


30*3) 


0.002 


0 


1 


2.1 


2.1 




5(2*1) 


2 


0 


5 


1.4 


4.2 


fttt«lo 


5C»2) 


2 


1.5 


1 


1.7 


4.0 




5(J*_3) 


0.005 


1.5 


3 


1.8 


2.6 



(Sti)Sio a ttS 

(&2)ZrO a £* 
G*.3)TiO a &3: 



[0 0 5 9] 



»8] 
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(10) 



#H82 000-232011 
18 



[0 0 6 0] 





(am/ min) 


mm 






! 5 


100 , fcx20min 






10 


200"C X 20min 






10 


2OO^X20min 






10 


200t x 20min 






10 


350% x 20m!n 






10 


350%X20min 





* * [319] 







0.3 


JRH*Cg<Ppm) 
350 








03 


3B0 




*S«8] TfcMbltolfcffl 




03 


380 




SEW Sl^fctf!^^ 




0.07 


90 








0.1 


140 




H5STT1 Tm<m&tit 




0.1 


140 





[0 0 6 1] 



« [Si 0] 







ram 




Ufeft 


ttMt*tt 


BKkG) 


IHoCkOe) 


(BH)max(MGOe) 


BKkG) 


iHo(kOe) 


(BH)max(MGOo) 




11.3 


16.8 


30.4 


11.3 


16.3 


29.7 






11.3 


18.6 


30.4 


11.2 


16 4 






u:.!.a 


11.4 


16.8 


30.5 


11.2 


18 3 


29.6 


fc<b*L 1 


3IB0I9 


11.4 


18.6 


30.5 


1U 


16.4 


29.6 


KJbftL 




11.4 


16.6 


30.6 


11-2 


18.5 


29JB 




WW 


1U 


18.6 


30.5 


11JZ 


18.4 


293 


fc<b*L 



[0 0 6 2] Iggftft! 1 2 -£g*0g 1 4 : mtM3 X*m 6 

tifc, ^*®tc 5 a m©A i tmzm-f&MfiizM 
u *i l^f^iwb^ mmm 

of p h <z) & HH u "r-iv^-ny ?mz 

&m (MOxOT : M«S i, Z r, T i fcoVT. 0< 

xS2) £isi*©c*, mmommiz-D^rm 

$ 4xSBAttSr-HJ-K:aiJB LT v i £ rfrtbfr o fe„ 

[oo63] sss&m i 5 -mmm 1 7 : mm± xm* 
rite memniz 1 * m© a 1 gm&m-t zmsizM 
u «i 1 jcav*-A*fb^*. mm. &&m. mmm 

TAijSdS(D±tc^iSMb^^iKS:^ufe. #&nfc 

M(MO x M:MttSi, Zr, Ti^f. 0< 
x^2) ©BUi; ^>f©C«, 5a)t®«t»Cov^T* 

1 4 (c^-r„ ±ia©**S"P«e>nfc, $?ss®fc, a 1 
&m*jx\sx, &mmt®&mitm-?z>MGizttLx. 



30 



40 



13 £m-$&<DWimix8$$f2§kZfi^fco w& 
\ 5tc^-r 0 ^mtvx. #&*ife«BHu n# 

fe, JM«g8»fcLT, &|fcm 5T-#e>*lfe, ttS&Si 
AldaK&fl-l/r, SiSMt4fc«a!IS:3rr*W5K: 
*fLT, ^M2i;ll-^!j:Offii«-&^^$:^\ 
1iAMmm®m*:Wfel>t~£ZZ. 287kgt/cm 
2fcv^«ftfe«&wUfe. 

[0064] h^mi 8 -mmm 2 0 = m^js-e^e, 

fife, ttS&filC 10a m©A 1 i ftBI«:#-r<5a*£lC# 

0, *i 1 jcw-tAWfb^*. m. &mm. mmm 

TAi^m©±{c^M^b%^m&^Lfe„ #6tlfe 
M (MO x M:M»Si> Zr, T i ?r^"^"„ 0< 
x^2) ©K/P, &J8I#©C:£, AI«®flBiJCo^T36 

1 4 tc^-r. ±§B©^T»#e>tife, i^s^sic a 1 
jmzfthx. ±mmt®&mmi'2>m&izMLx. 

[0 0 6 5] 
[*1 1] 



19 



&ffl2 000-232011 
20 







w* 




gggg 


Mgg|12 




«18 










mh 


















■7-h^xMr*»5> 






x*y— jp+ipa 










x*y— ;h-ipa 










x^y— jh-ipa 






MR 


*t 








-H- 




IPA | 








*l 





[00 6 6] *10* [gtl 2] 





*A<kft*a> I 


^JUtf; 




fear 


PH 








(oP) 






0.001 


0 


1 


1.B 


3.2 






0001 


1 


5 


1.8 


3.4 




3C»3) 


0.002 


0 


1 


2.1 


2.1 


mm 5 


5C*1) 


2 


0 


5 


1.4 


4.2 


SWWI16 




2 


1-5 


1 


1.7 


4.0 


MM" 


8flft3> 


0005 


1.5 


3 


1.6 


2.6 


&B0I18 


10*1) 


0.005 


0 


20 


1.5 


2.3 


nmi9 


2(&2) 


0.005 


0 


00*4) 


I.B 


28 




3C&3) 


0002 


0 


1 


Z1 


2.1 



0£i)sio a t** 

G*2)ZrO a *S: 
(S&)T\0 8 &tL 
a*4)*«4»jMSft*jffl 



[00 6 7] 



X « [^13] 





3l*-ttf£lK 
(om/min) 






StB0f12 


5 


100 4 fcX20min 




StB#l13 


10 


200*^0 X 20min 






10 


200°C X 20mln 






10 


200t x 20min 






10 


350% X 20min 




mm" 


10 


350% X 20min 






5 


150"Cxl0min 


(5l#J:lf-IMliS)5illiay£L 


»M19 


5 


250t5x 10min 






*B«20 


5 


2S0 t fcXlQmin 


C5 #-tl- 





[0 0 6 8] 



★ ★ [3114] 



I I I i lMj. ll^']^- 



Eaafl 
Emm 



ZciSNbttJEEIH 



T«MsttiMtt 



TiBHbtt&IB 



0.3 



0.3 



0.08 



0.1 



08 



BttggCfMppm) 



380 



80 



140 



500 



450 



320 



win 



JUL 



mi 



ii 



[0 0 6 9] 



cai 5] 



21 



(12) 



#M2000-2320 1 1 
22 











ma 




BKkG) 


iHoCkOo) 


(BH)max(MGOo) 


BKkG) 


iHo(kOe) 


(BH)max(MGOo) 


mm 


11.4 


16.7 


30.6 


11.2 


16.3 


29.7 






11.4 


1B.6 


30.6 


11.2 


16.4 


29.7 




MM" 


1U 


18.6 


30.4 


11.3 


18.5 


29.8 


mtmL i 




11.3 


16.6 


30.4 


11.2 


18.5 


29.9 


K<b*L 


mono 


11.3 


16.6 


30.4 


11.3 


16.6 


30.0 






11.4 


16.6 


30.5 


11.2 


16.5 


29.8 






11.4 


1B.5 


30.5 


11.3 


16.3 


29.7 


*<t*L 




11.4 


16.7 


30.6 


11.3 


16.5 


293 




*®*20 


11.4 


18.7 


30.6 


11.3 


16.4 ! 


29.9 





[0070] mm 2 1 : mmm i xm^nr^ msm 

ffilCO. 5 »m<DAl&m$:m-t2>mGlCftU mi 6 

izm-ts at-t&n. Aift«. mm. &%nt#u mm 

®m&£Xf7kCD&f&ftlzT. 31 Hzmtm^L iftt^fe 
T. mi 8{c^5l^±tf5EKT'^U WS^fo 

r a i ^(Djitc s i - a i mmtmfemzBj&is 

fco f*<D*lfc;£iSI (SiO x • Al 20 y £JH: 0<x 

^2-o<yS3) (nmm, m&<DcsL. mm>mm. 

{Co<^T3l 9lo5tf. ±fB®^T^f 6>tlfc, S53 
®fC, Al^m^tT, S i -Al^SHt^JS^S: 

Ml^^fofco ^©^^2 0^1-,, ^hbT, 

322kgl/cm2t 

[0071] mmm2 2 : mmm^xm^r^ mam 
wizo. 9 (iTrKDAi&mzmtzffiGKMu mi 6 
Kstu-siftim aim, » Scjem mm 

t a 1 jsm©±{c s i - a 1 mGmm&mzmi&L 

tco m<b*lfc&m (SiO x • Al 20 y &K: 0<x 

s2-o< y g3) omm. mftocA, m&mm. 

®IC, A1&R&*N/C, Si-Al«^iftiM5: 

;rr*«5KjtfUT. mmm 1 tm-^m>m^mm 

UMkZft^f-o -€-<Z>^*&*2 0fC^i-„ UW:tLX, 

W^§^?:ii^Ufei:^5, 332kgl/om2t 

[0 0 7 2] &(M*2 3 : Hifc0!I3 T*» btifc, 
!BlC5/tinCDAljaaS;S:*f<5aSEK:*fU 3l6tCj* 

tsift^«. aim gjgflaw. 

33<fc^©#^lcT, mi HZm-tffl&L Wt&liXf 



10 31 8JCaVr9l*±ffiSLKT?»*fU JWWffll&^oTA 

i &mitf>±ic s i - a i mmmjm&mht-. m 

&ftfeftBS (SiO X 'Al 20 y M: 0<x^2 • 

o< y ^3) ©ng; ^*©c*, fcm&mmz^s 
xm i 9 fc^-r. ±iacD*i*T?»e)*ufe, weasgtc, 

A 1 LT. S i - A 1 &£BMb*&BI&W-*£ 

«e»c*fUT. H^^!l3t|si-^©iSfA , f4SDi$^5: 

ft -d tco *<mgmzm2 nzm-to tmnLx. m*>n 

20 #®BE»ttA«fttl|S:tTV\ #e>nfc^CD1*A,KfTlg» 
5^&?fl!l^Lfei:i5, 3 2 2kgl/cm2ii^e)i 

[0073] miM 2 4 : I£|fc0!j4 T»e>nfe % S&53 
ffifC 7 /x m©A 1 SMSr^fi-SSSPBlC^U 3 1 6 to* 
tSiM AIM SfiJfcflao. «IK89K 

fe<ktit*©#^tcT, 31 nzjjk-tffl&L wm&^tf 

mi 8\zwtt9\f*±tmsti&fau mmzft-oXA 
i mm±\z s i - a i w.Gmtys)mitMi&Lt^ # 

30 6>tlfe6Sait (S iO x • Al zOySOK: 0<x^2 • 

o<y^3> comm. sffl&ncM, im&ffi&K^ 
xmi9iztt-f 0 _htao^T'#&tife, mammz. 
a i ^ag&^LT, s i - a i m-smtmsmzm-fz 

mzmfeh&tzz. 3 1 9 kgm/cmZt^tmn 

40 fetf&^Lfc. 

[0074] mftffi[2 5 : 5 T'#e>nfc> 

Mtc l 0 m© A l ^$:^1-«.^S(c^fU mieiz 
a*"rSHfc£<». AIM « S^CM, «twe 
«fe*«*®*iaiHCT, 31 7(C^-TifflR 3ttSj3J: 
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